Weng M, Ganguli K, Zhu W, Shi HN, Walker WA. Conditioned medium from Bifidobacteria infantis protects against Cronobacter sakazakii-induced intestinal inflammation in newborn mice.
THE INCIDENCE OF PREMATURE deliveries, and as a result the incidence of necrotizing enterocolitis (NEC) which occurs in almost 10% of premature infants under 1,500 g, has been unchanged over the last several decades in the United States (5, 30) . NEC is the most common gastrointestinal disease in neonatal intensive care units (NICU), with each case costing approximately $300,000. The health care expense of NEC accounts for nearly 20% of annual NICU costs (13) . Although there are several theories to explain the pathogenesis of NEC, to date there still has been no effective preventive treatment available for the neonatologist.
A prospective, randomized, controlled clinical trial from three different NICUs strongly suggests that a regimen combining the probiotics Bifidobacteria infantis and Lactobacillus acidophilus provides a protective effect in preventing/treating NEC in very low birth weight infants (1, 2, 23, 24) . Metaanalyses of multiple studies with a relatively small number of subjects using different probiotics also suggest a beneficial role of probiotics in NEC prevention (8) . However, routine administration of live organisms to immunocompromised premature infants is not allowed in the United States because of regulations from the Food and Drug Administration (FDA). We have therefore analyzed conditioned media of these probiotic organisms (PCM) to determine whether they release factors into the culture medium that confer protection. Our recent study has shown that when Bifidobacteria infantis was grown separately, its PCM had a more potent anti-inflammatory effect on a human fetal intestine cell line and in human fetal intestine explants (12) than Lactobacillus alone or both organisms in combination.
In this study, we extended these in vitro observations into an in vivo animal model to determine whether Bifidobacterium infantis PCM also protects against intestinal inflammation in newborn mice when exposed to Cronobacter sakazakii (C. sakazakii), an opportunistic pathogen linked to an outbreak of NEC in newborn infants in the United States (16, 35, 37) . We found that administration of B. infantis PCM before C. sakazakii infection reduced inflammation, ameliorated cell death, restored the proliferative capacity of ileal epithelial cells, increased mucin production, and allowed maintenance of body weight. We also found that PCM pretreatment was able to prevent C. sakazakii-induced reduction in levels of IB␣ in ileal tissues and attenuated the translocation of NF-B p65 from the cytoplasm into the nucleus in immature human fetal intestine cells. These data suggest that factors released from the probiotic B. infantis protect against intestinal inflammation and tissue damage in C. sakazakii-infected neonatal mice in vivo and may help to prevent necrotizing enterocolitis in infant in future clinical trials.
MATERIALS AND METHODS
Mice and bacteria. C57BL/6 mice were obtained from the Jackson Laboratory. C. sakazakii (strain no. 51329) and B. infantis (strain no. 15697) were obtained from American Type Culture Collection (ATCC, Manassas, VA). B. infantis PCM was prepared as described in a previous study (12) . Briefly, the inoculum of B. infantis was cultured at 37°C under anaerobic conditions until they reached a midexponential phase of growth. A Ͻ30 kDa fraction of PCM was prepared by centrifugation of probiotic cultures at 3,000 RPM for 15 min followed by 0.22-m filtration and Amicon Ultra-30 centrifugal filter (Merck Millipore, Billerica, MA).
Mouse model of neonatal intestinal inflammation. All protocols were approved by the Institutional Animal Care and Use Committee of the Massachusetts General Hospital (A3596-01). Newborn pups were divided into four groups: I (PBS), II (PCM), III (C. sakazakii), and IV (PCM plus C. sakazakii). The C. sakazakii-induced mouse model for intestinal inflammation was developed as described previously with minor modifications (10) . In brief, each pup at P1 (postnatal day 1) received PCM or PBS via gavage once per day for 8 days. At P5, each pup in groups III and IV was given a single oral dose of C. sakazakii (1 ϫ 10 7 ). At P8, all pups in each group were euthanized and the entire small intestine was collected and stored at Ϫ80°C until further analysis.
Human intestinal epithelial cell cultures and immunofluorescence staining. A human fetal nontransformed primary small intestinal epithelial cell line (H4 cells) was established from a 20-wk-old normal fetus in our laboratory (34) . H4 cells were maintained in DMEM supplemented with 10% FBS, 1% nonessential amino acids, 200 mM glutamine, 50 IU/ml penicillin, 50 g/ml streptomycin, 1% HEPES buffer, and 10 mg/l recombinant human insulin (Roche, Indianapolis, IN) and cultured in a 37°C humidified incubator with 5% CO 2 and 95% air. Cells were seeded on glass coverslips at a concentration of 1 ϫ 10 5 per ml the day before being used for experiments. After three washes in PBS, H4 cells were cultured in antibiotic-free culture medium containing PCM (15% of total cell culture medium in a cell culture incubator for 1 h) and then infected with or without 1 ϫ 10 7 C. sakazakii for 1 h. Cells were washed in PBS three times, fixed in 4% paraformaldehyde/PBS for 15 min, and then incubated in PBS containing 0.5% Triton X-100 for 5 min. After three washes in PBS, cells were blocked with 5% BSA/PBS for 1 h and incubated with an antibody specific for NF-B p65 (1:50, Cell Signaling Technology, Danvers, MA). After washes, cells were incubated with a secondary antibody conjugated with Cy-3 (Jackson ImmunoResearch Laboratories, West Grove, PA). Coverslips were mounted with medium containing DAPI (Invitrogen). Immunofluorescent microscopy was performed via a ϫ60 oil Nikon PL APO CS objective mounted on a Nikon Eclipse 80i microscope. The scanned images from each fluorescence channel were merged by using PhotoShop. Nuclear translocation of NF-B-p65 was quantified. Cells with or without colocalization of NF-B-p65 immunoreactivity with DAPI staining were counted from randomly selected imaging fields. A percentage of cells with nuclear translocation of NF-B-p65 was calculated and graphed. Two-sided 2 with Yates correction was used for data analysis. Histopathological examinations and immunohistochemical staining. Ileum tissues were flushed with cold PBS, the whole gut was fixed in cold 4% paraformaldehyde/PBS overnight, and the paraffinembedded tissue was stained with hematoxylin and eosin. The stained sections were examined and analyzed blinded to the conditions of treatment. Intestinal histopathology (scale of 0 -4 with increments of 1) from normal morphology (grade 0) to complete obliteration of the epithelium and intestinal perforation (grade 4) was graded as previously described (27) . The grading was based on the extent of epithelial sloughing, submucosal edema, neutrophil infiltration, and villus architectural destruction in the most affected area. Grade 0: normal architecture, absence of pathology; grade 1: mild, epithelial sloughing; grade 2: moderate, epithelial sloughing, and partial destruction of villus tips; grade 3: submucosal edema, and severe disruption of villus architecture; grade 4: complete obliteration of the epithelium and intestinal perforation.
For detection of proliferative activity in ileal epithelial cells, sections were blocked in 1% normal goat serum and incubated overnight at 4°C with a goat antibody specific for Ki67 (1:50, Santa Cruz, CA) followed by incubation with a horseradish peroxidaseconjugated anti-goat IgG (1:100, Santa Cruz, CA). Sections were stained with DAB (3,3=-diaminobenzidine) to detect dividing cells (Ki67-positive cells) and counterstained with Gill's hematoxylin. Microscopy was performed using a ϫ40/1.25-0.75 oil Nikon PL APO CS objective mounted on a Nikon Eclipse 80i microscope. Digital images were collected from at least three different fields per section and used for counting Ki67-positive and negative cells of the crypts in each ileal section blinded to treatment conditions. Data were presented as a percent of total crypt cells with positive Ki67 staining.
PAS staining was performed by the NORC-H Morphology Core at Massachusetts General Hospital. Digital images were collected from at least two sections in 10 mice for each group. Data were presented as positive PAS stain per villus.
Real-time quantitative PCR. RNA was extracted from the ileum by using TRIzol (Invitrogen, Grand Island, NY) or Qiagen RNeasy purification kits (Qiagen, Valencia, CA) according to the supplier's instructions. After treatment with DNase, 1 g of RNA was converted to cDNA (Applied Biosystems). Real-time PCR was performed with SYBR Green PCR Master-Mix for 40 cycles on an Opticon II DNA engine (MJ Research). Primer sequences for IL-1␤: Forward 5= ACCTGTCCTGTGTAATGAAAGACG; Reverse 5= TGGGTATT-GCTTGGGATCCA; TNF-␣: Forward 5= GTTTGTGGACAATAC-CAGCAGT; Reverse 5= GTTCTTCACTACCCTCTGTGC; GAPDH: Forward 5= GGCAAATTCAACGGCACAGT; Reverse 5= AGATG-GTGATGGGCTTCCC. LightCycler Relative Quantification Software was used to normalize data to the standard glucose-phosphate dehydrogenase mRNA level. Reactions were set up by using QuantiTect SYBR Green RT-PCR kit reagents (Qiagen) following the kit instructions. For all samples, real-time quantitative PCR (qPCR) was performed in duplicate.
Apoptosis assay. Paraffin-embedded tissues were processed for TUNEL labeling to detect apoptotic cell death by using an ApopTag peroxidase in situ apoptosis detection kit according to the supplier's instructions (Millipore, Billerica, MA). Digital images were obtained by using a Nikon PL APO 10ϫ objective mounted on a Nikon Eclipse 80i microscope. Ten villi and crypts of each section were observed under a light microscope. A ratio of the number of TUNEL-positive cells to the total number of cells in 10 villi and crypts was used as the apoptotic index.
Fluorescent labeled inhibitor of caspases (FLICA) staining was performed on the paraffin-embedded ileum tissues to detect caspase 3&7 activity in living cells. A reaction was set up using FAM FLICA caspase 3&7 assay kit from ImmunoChemistry Technologies (Bloomington, MN) following the kit instructions. Coverslips were mounted with medium containing DAPI (Invitrogen). Immunofluorescent microscopy was performed via a ϫ20 Nikon PL APO CS objective mounted on a Nikon Eclipse 80i microscope. The scanned images from each fluorescence channel were merged by use of PhotoShop. Activated caspase 3&7 (green) was quantified. A percentage of SDS-PAGE and Western blot. Ileum was washed in PBS and lysed in a NP40 cell lysis buffer (Invitrogen, Camarillo, CA) containing phosphatase (Calbiochem, La Jolla, CA) and protease inhibitor cocktail tablets (Roche, Indianapolis, IN). Lysates were cleared by centrifugation at 12,000 rpm and 4°C for 15 min. The concentration of proteins in postnuclear supernatants was determined by use of BioRad protein assay reagents. Proteins (30 g) were subjected to SDS-PAGE on a 4 -20% gradient Tris-Glycine Gel (Invitrogen) under reducing conditions and then transferred onto a nitrocellulose membrane (Invitrogen). Blots were blocked in TBST (Tris-buffered saline, Tween 20) with 5% nonfat milk for 1 h at room temperature and incubated overnight at 4°C with primary antibodies in TBST containing 5% BSA. Membranes were washed three times in TBST for 5 min and then incubated 1 h at room temperature with horseradish peroxidase-conjugated secondary antibodies (Cell Signaling Technology). Bound antibodies were detected with ECL reagents (GE Healthcare, Milwaukee, WI). The dilutions were 1:1,000 for primary antibodies and 1:5,000 for the secondary antibodies. Primary antibodies to IB␣ and ␤-actin were obtained from Cell Signaling Technology.
Statistical analysis. Results were shown as a means Ϯ SE. A one-way ANOVA or Student's t-test was used for comparing groups, with P Ͻ 0.05 regarded as statistically significance.
Fig. 2. PCM treatment maintains the structural integrity of C. sakazaii-infected ileum. A and B:
whole gut embedded in paraffin and processed by hematoxylin and eosin staining. The treatment condition is shown at the bottom of each column (ϫ40 magnification; ϫ200 magnification) and at top left of each image. Villi displaying epithelial discontinuity, irregular alignment, and/or loss of epithelial cells was observed in the CS-infected group. In contrast, treatment with PCM and CS shows modest villus rupture only, which manifest regular alignment and no apparent loss of epithelial cells. Top, jejunal sections; bottom, ileal sections; ϫ40 magnification (A), ϫ200 magnification, ileal section (B). The pathology score (C) was determined according to the extent of epithelial sloughing, submucosal edema, neutrophil infiltration, and villus architecture destruction in the worst affected areas. Mean Ϯ SE pathology score was graphed for 23-26 mice in each group and 2 sections were analyzed in each mouse (1-way ANOVA; post hoc Newman-Keuls multiple-comparison test: P Ͻ 0.05). D: real-time quantitative RT-PCR (qPCR) was performed in duplicate to measure the mRNA expression levels of the inflammatory cytokines IL-1␤ and TNF-␣ with GAPDH as an internal control. Mean Ϯ SE fold increase was graphed (n ϭ 10 mice in each group, Student's t-test: P Ͻ 0.05).
RESULTS

PCM protects neonatal mice from C. sakazakii-induced intestinal inflammation.
Using a neonatal intestinal inflammation model similar to those established for NEC mouse models (1, 10), we infected pups on postnatal day 5 with an oral inoculation of 1 ϫ 10 7 C. sakazakii. Three days later, mice were weighed and then euthanized. Jejunum and ileum were collected for histological analysis. Mice infected with C. sakazakii had a significantly lower body weight relative to mice treated with PCM prior to infection with C. sakazakii and PBS-treated mice (Fig. 1) .
Next, we determined whether C. sakazakii could infect the entire intestine. We fixed the entire intestine and performed hematoxylin and eosin staining. We observed that the entire gut was infected, with the jejunum very mildly and the ileum and colon extensively damaged. The histology analysis, however, was done only on the jejunum and ileum since colon tissue was inadequate for examination ( Fig. 2A) . Because the ileum had more extensive damage, we compared ileal sections at higher power (ϫ200 magnification) to determine a pathology score (Fig. 2B) . Histological examination of ileal sections showed that C. sakazakii infection resulted in substantial pathological changes including villus rupture (epithelial sloughing), disruption of orderly alignment of epithelial cells (villus architecture destruction), and villus cell loss (Fig. 2, B and C) . Although villus rupture was noted in mice receiving PCM prior to C. sakazakii infection, they retained an orderly alignment of epithelial cells and cell loss was prevented (Fig. 2B) . Using qPCR, we found that levels of IL-1␤ mRNA and TNF-␣ mRNA were increased 10-to 12-fold in ileal tissues from C. sakazakiiinfected mice compared with those treated with PCM prior to C. sakazakii infection (Fig. 2D) . We were not able to detect a signal for IL-1␤ and TNF-␣ in ileal tissues of mice treated with PBS or with PCM alone. We also employed qPCR to analyze expression levels of several other inflammatory cytokines, including IL-6, iNOS, IL-12 p40, IL-12 p35, IFN-␥, and MIP3␣. However, their expression levels, although increased, were not noted to be statistically significant under the different conditions examined (data not shown).
PCM pretreatment mitigated induction of mucin in C. sakazakii-infected mice. To characterize goblet cell mucus production, PAS staining was performed. Most of the PAS stained cells are located in the ileum and colon. We observed a significant reduction in PAS staining in C. sakazakii-infected ileum as determined by the number of PAS-positive cells per villus. However, PCM pretreatment increased PAS-positive cells per villus in C. sakazakii-infected ileum sections (Fig. 3) .
PCM pretreatment attenuates apoptosis of epithelium cells in C. sakazakii-infected ileum. Histological analysis of ileal sections showed that C. sakazakii infection resulted in villus cell loss. We wondered whether apoptosis accounted for the cell loss observed in ileal sections from neonatal mice infected with C. sakazakii. TUNEL labeling of ileal sections followed by immunoperoxidase-based detection revealed a profound apoptosis of epithelial cells in C. sakazakii-infected mice (Fig. 4) . Under the same conditions, apoptotic cells were not detectable in the ileum sections from mice treated with PBS or with PCM alone (Fig. 4A) . In contrast, ileal sections from mice pretreated with PCM before infection showed very mild signs of apoptosis (Fig. 4A) . Quantitation of apoptotic cells in ileal sections from these mice showed that the percentage of apoptotic cells (TUNEL spots) was significantly lower than that in ileal sections from infected mice (Fig. 4B) . FLICA staining was also performed on the ileum tissues to detect caspase 3&7 activity. We did not observe activated caspase 3&7 in PBS and PCM control ileum sections. However, C. sakazakii infection induced the caspase 3&7 activation and PCM pretreatment significantly reduced caspase 3&7 activation (Fig. 4, C and D) .
PCM prevents C. sakazakii-induced degradation of IB␣ in ileal tissues. We observed elevated levels of the inflammatory cytokine IL-1␤ and overt cell death in ileal tissues of C. sakazakii-infected mice. Since the NF-B pathway plays an important role in innate intestinal inflammation by regulating inflammatory cell infiltration, host cell apoptosis, and production of inflammatory cytokines and chemokines (14), we looked for evidence of NF-B activation. Western blot analysis of ileum lysates showed that levels of IB␣ in mice infected with C. sakazakii were substantially reduced compared with those treated with PBS or PCM alone, a potential basis for increased NF-B activation (Fig. 5, A and B) . Levels of IB␣ protein in the ileum of C. sakazakii-infected mice receiving PCM pretreatment were comparable to those in the ileum of PBS-and/or PCM-treated mice (Fig. 5, A and B) . PCM attenuates C. sakazakii-triggered nuclear translocation of NF-B p65 in human immature intestinal H4 cells.
To further demonstrate that PCM pretreatment can abrogate C. sakazakii infection triggered activation of the NF-B pathway, we looked for evidence of the translocation of NF-B p65 into the nucleus. Because of significant ileal damage and cell loss in C. sakazakii-infected mice, we used a human immature intestine cell line (H4 cells) that was isolated from a 20-wk-old normal fetus (34) . C. sakazakii infection stimulated the translocation of NF-B p65 from the cytoplasm to the nucleus in 65% of cells (Fig. 6, A and B) . However, nuclear translocation of NF-B p65 was detected in only 25% of cells treated with PCM prior to C. sakazakii infection (Fig. 6, A and B) .
PCM restores the proliferative capacity of epithelial cells in C. sakazakii-infected ileum. Having shown severe damage of the ileal epithelium in C. sakazakii-infected mice, we then examined whether C. sakazakii infection also affected the capacity of ileal cells to repair the damaged intestinal epithelia. We performed Ki67 staining to detect mitotic cells in ileal crypts. We found that there were fewer Ki67-positive dividing cells in ileal crypts from mice infected with C. sakazakii compared with mice treated with PBS and or with PCM alone (Fig. 7, A and B) . In contrast, PCM pretreatment normalized the proliferation of the intestinal cells in the crypts of the C. sakazakii-infected mice (Fig. 7, A and B) .
DISCUSSION
Bifidobacterium represents a prominent colonizing commensal bacterium found in the gut during the first weeks of life of the full-term human infant. However, colonization by this organism can be delayed and is isolated less often in preterm compared with full-term infants (20, 36) . This disruption leads to a delay in adequate initial colonization, which favors colonization by potential pathogenic organisms such as C. sakazakii and is considered a risk factor in the etiology of NEC (15, 16, 18, 21) . Butel et al. (3) showed for the first time that Bifidobacteria can have a protective effect in NEC in a gnotobiotic quail model. Other studies of NEC prevention in very low birth weight infants in the NICU setting support the protective effects of probiotics such as Bifidobacteria infantis. In fact, these studies observed that a combination of Lactobacillus acidophilus and Bifidobacteria infantis provides significant protection against NEC (23, 24) . However, these studies were all performed outside of the United States because the FDA restricts the use of live organisms in immunocompromised premature infants. We recently showed that a 5-to 10-kDa molecule that is heat and acid stable and resistant to DNAse, RNAse, and protease was detected in the culture medium of these organisms; it significantly attenuated a LPSand IL-1␤-induced inflammatory response in a primary human fetal enterocyte cell line and in immature fetal small intestinal xenografts (12) . In these studies we reported that the PCM of Bifidobacteria infantis grown separately from Lactobacillus acidophilus was a more effective anti-inflammatory agent. We have now extended these in vitro observations to an in vivo model of neonatal intestinal inflammation, demonstrating that B. infantis PCM protects neonatal mice from inflammation upon exposure to live C. sakazakii, an organism implicated in NEC (10, 35, 37) . We showed that PCM attenuated C. sakazakii-induced inflammation and apoptosis of ileal epithelial cells and stimulated the proliferation of enterocytes in ileal crypts to repair the damaged ileal epithelium.
C. sakazakii, also referred to as Enterobacter sakazakii, was first reported as a neonatal pathogen by Urmenyi and Franklin (38) . C. sakazakii is a gram-negative, rod-shaped, non-sporeforming bacterium (17) that is frequently a contaminant in powdered infant formulas, table foods, and kitchen counters (4, 9, 19) . C. sakazakii has also been reported to cause meningitis and sepsis and is associated with NEC in preterm infants (11, 37, 39) . These features make C. sakazakii a useful organism for developing an animal model to study mechanisms of neonatal inflammation. The dosage of C. sakazakii used to induce intestinal inflammation varied from 10 3 to 10 8 CFU (10, 22, 31) . In this study, we gave newborn pups at postnatal day 5 a single does of 10 7 CFU C. sakazakii, which has been shown to cause a NEC-like condition in a previous study (22) . Higher doses result in almost 100% mortality. Seventy-two hours after oral administration of C. sakazakii, intestinal tissues were collected for histopathological examination. We found that C. sakazakii-infected jejunum showed mild inflammation whereas ileum exhibited moderate epithelial sloughing, partial or severe disruption of villus architecture, and a neutrophil or macrophage infiltration. An increase in the expression of IL-1␤ and TNF-␣ mRNA was also noted. These observations are similar to the intestinal inflammatory characteristics of NEC in human infants (30) .
Using this neonatal inflammatory model, we investigated whether and by what mechanism(s) PCM provides a protective effect against inflammation in vivo. We noted that the beneficial effect of PCM occurred in two ways. One was to promote the viability of ileum epithelium cells exposed to C. sakazakii, e.g., an antiapoptotic effect. The other was to nullify the inhibitory effect of C. sakazakii on the proliferation of epithelial cells needed to repair the inflammatory damaged epithelium. Our findings are consistent with other studies showing that certain strains of probiotics dramatically increase enterocyte migration, proliferation, and crypt height compared with vehicle-treated controls (25, 33) . However, these studies used intact probiotic bacteria. Here, we suggest that an effective factor(s) of B. infantis (strain no. 15697) secreted into the medium can also provide protection against the development of neonatal inflammation in an in vivo murine model in a manner similar to that provided by live probiotics. Other investigators have reported intestinal protective effects of bacterial secreted factors (26) .
We also provided a possible cellular mechanism underlying the protective effect of PCM against inflammation in this mouse model. We showed that PCM could maintain the levels of IB␣ in ileal tissues of newborn mice infected with C. sakazakii, thereby preventing nuclear translocation and activation of NF-B. The NF-B signaling pathway plays an important role in innate immunity and gut inflammation (32) . Both commensal and pathogenic bacteria express microbial-associated molecular patterns, which are recognized by patternrecognition receptors [e.g., Toll-like receptors (TLRs)] present on the cell surface of intestinal epithelial cells. Once they engage TLRs, MyD88 recruits a cohort of signaling molecules and drives nuclear translocation of NF-B after I␤ phosphorylation and disassociation. The observation of a reduced IKB␣ level in fetal epithelial cells in response to inflammatory stimuli suggests that disruption of this cytoplasmic molecule that binds NF-B and prevents nuclear translocation may be involved (6) . Unlike pathogens that employ TLR pathways to trigger inflammation, commensal bacteria can inhibit the activation of NF-B (7, 29) . In our neonatal inflammation model, we found that B. infantis PCM could inhibit the NF-B pathway by stabilizing the NF-B/IB␣ complex, which maintains NF-B in the cytoplasm and prevents the nuclear translocation of NF-B. The first layer of host defense in the gastrointestinal tract is the mucus layer.
Goblet cells, which are specialized epithelial cells, secrete protective molecules such as mucins and trefoil factor into the intestinal lumen, which coat epithelial villi. These data suggest that goblet cell function is altered during infection and PCM pretreatment may partly restore its function. It will be necessary in future studies to isolate and characterize the bioactive component of B. infantis PCM and determine how it stabilizes IB␣ at a cellular level. When successful, the isolated factor could be added to expressed breast milk from mothers delivering premature infants and routinely fed to these infants, if found to be safe and efficacious in an initial pilot clinical trial.
In summary, we used a C. sakazakii-induced mouse model of neonatal intestinal inflammation to verify our previous in vitro observations that B. infantis-conditioned medium is protective against neonatal enterocytes and xenograft intestinal inflammation. This study along with our previous in vitro observations in human fetal intestine (28) suggests that the secreted component(s) of B. infantis-conditioned medium may be effective in preventing and or treating necrotizing enterocolitis in human infants without exposing the premature to live organisms.
